Introduction
Propofol is a popular anesthetic and sedative. Use of propofol has increased manifold in this country over the last decade, and it is most commonly used in intensive care settings. Its rapid action with short half-life, decreased cerebral oxygen consumption, and reduction of intracranial pressure are properties that have made it a favorite in the intensive care unit (ICU). Many of these patients are critically ill or injured and require prolonged sedation. Propofol has been associated with morbidity and mortality, and in such cases the question often arises regarding the role propofol plays in these complications.
A hypothetical clinical vignette is presented to illustrate this problem.
Case Report
A man, age 50 years, was admitted for observation after a motor vehicle accident. His only complaint was some neck and chest pain. His full-body scan only revealed fracture of the right fourth rib. Results of a complete blood panel and baseline chemistry panel were within normal limits. That evening he experienced respiratory distress. A repeated chest radiograph showed pneumothorax and a small zone of haziness on the right lower side suggesting aspiration pneumonia. A chest tube was inserted and a regimen of antibiotics was started.
The next day the patient had to be intubated. Propofol therapy was initiated for sedation and, because of his severe agitation, the dosage of propofol was increased to 85 μg/kg/minute (5.1 mg/ kg/hour). The usual adult maintenance sedation dosage is 5 to 50 μg/kg/minute (0.3 to 3 mg/kg/hour). He remained sedated on a ventilator in the ICU and on the sixth day was noted to have a pulse rate of 50 beats per minute, blood pressure of 100/47 mm Hg, and temperature of 37.0 o C. Investigations revealed mild pulmonary edema, severe lactic acidosis, total white blood cell count of 9550/μL, creatine kinase level of 51,000 IU/L, and new-onset acute kidney injury. Increasing doses of norepinephrine and dobutamine were needed, although he received adequate intravenous fluids compared with his fluid losses. The next day he went into ventricular fibrillation and died after resuscitation efforts failed.
Discussion
Deaths related to propofol infusion were initially reported in the 1990s in children, and in 1998, Bray 1 coined the term propofol infusion syndrome. The original presentations included refractory bradycardia along with one or more complications of metabolic acidosis, rhabdomyolysis, hepatomegaly, and hyperlipidemia. 
Abstract
Background: Propofol is a popular anesthetic and sedative. Use of propofol has increased manifold in this country over the last decade, and it is most commonly used in intensive care settings. Its rapid action with short half-life, decreased cerebral oxygen consumption, and reduction of intracranial pressure are properties that have made it a favorite in the intensive care unit. Many of these patients are critically ill or injured and require prolonged sedation. Propofol has been associated with morbidity and mortality, and in such cases the question often arises regarding the role propofol plays in these complications.
Objective: To address the issue of propofol-related infusion syndrome and its management.
Method: A hypothetical clinical vignette was created to give a classic presentation of propofol-related infusion syndrome.
Conclusion: It is hoped that this short report will bring more awareness of this entity so that it will be considered in the differential diagnosis in sedated critical care patients. It is complicated to determine the incidence of propofol-related infusion syndrome (PRIS) because many of the PRIS-associated clinical manifestations may reflect either pharmacologic manifestations of propofol (eg, bradycardia) or manifestations of critical illness (eg, metabolic acidosis). In the first large prospective study involving more than 1000 patients, 3 PRIS was defined as development of metabolic acidosis and cardiac dysfunction after the initiation of propofol along with at least one of the following: rhabdomyolysis, hypertriglyceridemia, or renal failure. Although the study had many limitations, the reported incidence of PRIS was 1.1%. However, the actual number of cases in the US is likely substantial given that 5 million patients are admitted to the ICU and propofol is used by 80% of clinicians. This study reported a mortality of rate of 18%, but an analysis of the Food and Drug Administration's MedWatch system noted 30% mortality in cases of PRIS. 4 Various mechanisms have been proposed for the pathophysiology of PRIS. 2, 5 To summarize, propofol impairs function of the mitochondrial respiratory chain. The impaired production of mitochondrial adenosine triphosphate and presence of soya bean (added to enhance solubility of propofol) increase triglyceride load. There is impaired fatty acid oxidation and buildup of toxic fatty acid intermediates. This, along with cellular hypoxia and impaired hepatic handling of lactate, worsens acidosis. Impairment of lipid metabolism in cardiac and skeletal muscles, along with impaired synthesis of adenosine triphosphate, contributes to myocytolysis, leading to myocardial failure, arrhythmia, and rhabdomyolysis. Vasile et al 5 proposed other triggering factors, which include excess catecholamines (both endogenous and exogenous) and corticosteroid therapy in critically ill patients. These factors can cause myocyte injury and lipolysis, causing an increase in circulating free fatty acids.
Clinical Presentation of PropofolRelated Infusion Syndrome
Preventive measures can be taken to lower risk of PRIS (see Sidebars: Risk Factors for Propofol-Related Infusion Syndrome and Prevention of PropofolRelated Infusion Syndrome). Most of the deaths reported were at propofol levels greater than 4 mg/kg/hour, and many of these patients with PRIS were given propofol for greater than 48 hours, although PRIS has been reported after only a few hours. Therefore, a lower dose for a shorter duration is preferable. Adequate carbohydrate intake will prevent the body from switching to fat metabolism, because carbohydrates are preferentially metabolized and hence lessen fat mobilization. As noted earlier, this will lessen the load of toxic fatty acids. More concentrated propofol formulations should also lessen lipid load. Lorazepam and midazolam are effective alternatives. The American College of Critical Care Medicine advises clinicians to consider alternative sedatives in patients requiring increasing doses of vasopressors and in those in cardiac failure. 6 Clinicians can detect PRIS at its early stages. Metabolic acidosis is among the earliest signs and can occur within hours. Electrocardiographic changes (Figure 1) showing convex-curved (coved) ST-segment elevation (as in Brugada syndrome) in V 1 to V 3 may precede malignant arrhythmia and can alert the physician. 7 The utility of monitoring creatine kinase has been questioned and hypertriglyceridemia can occur within hours in other- wise healthy patients receiving propofol. Despite this, the American College of Critical Care Medicine 6 recommends checking triglyceride levels after 2 days, and European regulatory authorities suggest monitoring for metabolic acidosis, rhabdomyolysis, hyperkalemia, and heart failure. 8 Case studies 2 have shown that stopping propofol administration can reverse impending PRIS at an early stage. Once in full swing, the hemodynamic instability is refractory to fluids and inotropes. Besides cessation of propofol therapy, the use of cardiac pacing, hemodialysis, or hemofiltration has been reported. 2 It is hoped that this short report will bring more awareness of this entity and that it will be considered in the differential diagnosis in sedated critical care patients. v
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